Osteoid Osteoma
Osteoid osteoma is a benign bone tumor that occurs most frequently in young patients, 7 to 25 years of age, with a slight male predominance. Most patients experience pain that worsens at night and is relieved by nonsteroidal anti-inflammatory drugs. 4, 5 The pain may also be aggravated by the imbibing alcohol.
Osteoid osteomas are small (by definition < 2.0 cm in diameter) vascular lesions with well-organized Primary Tumors of the Spine Orguc, Arkun 284 interconnected trabecular bone in a background of fibrous connective tissue. These lesions are frequently surrounded by a variable degree of reactive bone and are often associated with cortical thickening and bony sclerosis.
The lumbar spine is the most frequently affected portion of the spine (59% of lesions) followed by the cervical (27%), thoracic (12%), and sacral segments (2%). Spinal osteoid osteomas are located within the posterior elements of the vertebra (pedicles, superior and inferior articular processes, lamina, transverse, and spinous processes) in 93% of cases. The remaining lesions are located within the vertebral body. 6, 7 Osteoid osteomas are often difficult to detect on radiographs owing to their small size, radiolucent appearance, and posterior element location. Computerized tomography (CT) demonstrates a radiolucent nidus with or without intranidal calcification and surrounding cortical thickening and sclerosis with great success (►Fig. 3). More than 50% of nidi are partially calcified, $ 20% are completely calcified, and 30% show no calcifications. However, some of these tumors may display misleading imaging findings, making it difficult to differentiate these tumors from other diseases. The central mineralization has a sequestrum-like appearance and may mimic osteomyelitis, osteoblastic metastases, lymphoma, Langerhans cell histiocytosis (LCH), osteoblastoma, and malignant fibrous histiocytoma. A vascular groove sign is a moderately sensitive and highly specific sign for distinguishing osteoid osteoma from other radiolucent bone lesions on CT. 8 The nidus has low to intermediate signal on T1-weighted images and intermediate to high signal on T2-weighted images on MRI. Surrounding reactive edema, both in the marrow and soft tissues, can be extensive, may obscure visualization of the nidus, and potentially suggest a more aggressive lesion. The soft tissue edema and delay of diagnosis can lead to muscle atrophy in the chronic period. Although MRI has been reported to be of limited value, dynamic contrast-enhanced MRI was found to show the nidus more clearly in osteoma osteoid than nonenhanced MRI. Most osteoid osteomas show arterial phase enhancement and rapid partial washout as a result of hypervascularity of the nidus. [9] [10] [11] Radiofrequency ablation is the preferred method for appendicular lesions and has been used in the spine with some caution. Laser and alcohol ablation are also accepted methods that may increase in use in the future. 12, 13 Surgical excision is also curative if the nidus is completely removed.
Osteoblastoma
Osteoblastomas usually present in young adults between the second and third decades of life. Men are affected twice as commonly as women. It is a rare benign osteoid-producing tumor also called giant osteoid osteoma and osteogenic fibroma. Osteoblastomas commonly affect the vertebral column (30-40% of cases) and most frequently originate from the posterior elements (85% of lesions) with 42% extending into the vertebral body. They may present with pain, paresthesias, paraparesis, or even paraplegia. 14 Osteoblastoma and osteoid osteoma are variants of the same benign process and histologically indistinguishable from each other. Only the size is used as a differential criterion in which a lesion with a nidus > 2 cm is classified as osteoblastoma. The natural history of osteoblastomas is slow growth as opposed to the relative stability of osteoid osteomas. Malignant transformation to osteosarcoma is rare. Osteoblastomas are more aggressive than osteoid osteomas, with a higher recurrence rate: 10 to 15% for the less aggressive and > 50% for the more aggressive lesions.
Spinal osteoblastomas may present with variable radiologic appearances. First pattern is similar to osteoid osteomas and composed of a radiolucent nidus and surrounding sclerosis, but they are > 2 cm in diameter. The most common appearance of spinal osteoblastoma is an expansile lesion with a prominent sclerotic rim and multiple small calcifications. The more aggressive type demonstrates an expansile pattern with matrix calcifications, bone destruction, and paravertebral extension mimicking an aneurysmal bone cyst or bone metastasis (►Fig. 4). Furthermore, aneurysmal bone cyst components are present in 10 to 15% of cases. 15 The diagnostic examination of choice is CT; however, MRI depicts the surrounding soft tissue involvement to a better extent. CT shows the nidus, the multifocal (as opposed to central in osteoid osteomas) matrix calcification, the sclerotic margin, the expansile bone remodeling, or a thin osseous shell around its margins.
Surgical resection is the treatment of choice with a recurrence rate of 10 to 15% for conventional osteoblastomas. 14, 16 Rarely, aggressive osteoblastoma may undergo malignant transformation to osteosarcoma and metastasize.
Aneurysmal Bone Cyst
Aneurysmal bone cyst (ABC) typically affects patients < 20 years of age, with a mild female predilection. Overall, 12 to 30% of ABCs are located in spine. Thoracic spine is the most frequently affected segment; lumbar and cervical involvement is less common. Although very rare, sacral ABC is centered in upper segments, similar to giant cell tumor (GCT). Spinal ABCs typically show marked expansile remodeling (►Fig. 5). Although centered in the posterior elements, 75 to 90% of cases extent into the vertebral body (►Fig. 6). 17 CT and MRI of a primary ABC show single or, more commonly, multiple fluid levels representing hemorrhage with sedimentation. 18 During cross-sectional imaging, supine positioning for $ 10 minutes may be necessary to detect fluid levels. MRI is also indispensable in determining the extent of the lesion and the relationship to the central canal and nerve roots, like in all spinal tumors. Methemoglobin within the fluid components show increased signal in both T1-weighted and T2-weighted MR images (►Fig. 5). A low signal intensity rim on all pulse sequences corresponds to an intact and often thickened periosteal membrane. Thin rim-and-septal pattern of enhancement is detected after contrast administration. The identification of fluid levels should initiate a search for a solid component that enhances diffusely indicative of a primary lesion (usually GCT or osteoblastoma) with secondary ABC.
The imaging findings closely resemble the histologic appearance of this tumor. Primary ABCs have a characteristic appearance consisting of multiloculated blood-filled spaces. These blood-filled spaces are not lined by endothelium and thus do not represent vascular channels and are separated by thin septa. The septa interposed between the blood-filled spaces are composed of fibrous tissue, giant cells, and reactive bone. 19 The main surgical therapy for ABCs is curettage and bone grafting. The overall recurrence rate for these lesions is 20 to 30% and may increase with incomplete resection. 20
Giant Cell Tumor
Although commonly thought of as an appendicular lesion, 7 to 15% of GCTs can present in the spine. Of the tumors located in the spine, the peak incidence is from the second to third decades. These tumors are rare before skeletal maturity and usually present in the second to fourth decade of life. The male-to-female ratio is 1:2.5. The sacrum is the most commonly affected spinal location, followed by the thoracic, cervical, and lumbar segments in descending order. 21, 22 GCTs may increase rapidly in size during pregnancy, presumably due to hormonal stimulation.
GCT is a lytic, expansile lesion composed of osteoclastlike giant cells, with no evidence of matrix mineralization. GCT of the sacrum, which is frequently centered in the S1-S2 segment, may extend across the sacroiliac joint. 23 GCT usually affects the vertebral body with extension into the posterior elements and paraspinal soft tissues. Vertebral collapse and involvement of the adjacent intervertebral disks and vertebra may occur. A total of 90 to 95% of GCTs show low to intermediate signal intensity on the T1-weighted and T2-weighted MR images. 24 Fluid-fluid levels on cross-sectional imaging representing secondary ABC components should be avoided during biopsy because they do not harbor diagnostic tissue of the primary tumor. Osteochondroma A cartilage-covered osseous excrescence in continuity with parent bone is an osteochondroma. Hereditary multiple exostosis (HME), diaphyseal aclasis, hereditary deforming chondroplasia, multiple osteochondromatosis, multiple cartilaginous exostosis, dyschondroplasia, and Ehrenfried disease are alternative names. 25 Male-to-female ratio is 3:1. It is an uncommon tumor in the spine comprising only 1 to 4% of solitary exostoses and is usually discovered during the third and fourth decades of life. In cases of HME, they present a decade earlier in 7 to 9% of patients. Even if they can be located anywhere along the spine, they appear to have a predilection for the cervical spine, particularly C2. 3 Because lesions protruding into the spinal canal lead to neurologic symptoms earlier, they are often discovered when they are smaller, in comparison with lesions projecting posteriorly. 26 Osteochondromas of the spine are often difficult to detect on radiographs because of the complex osseous anatomy and frequent small size of lesions. The continuity of the marrow and cortical portions of the bone from which it originates is pathognomonic and best evaluated with thin-section multiplanar CT images (►Fig. 7). The hyaline cartilage cap (low to intermediate signal on T1-weighted and high signal intensity on T2-weighted MR images) is usually apparent with MRI. A cartilage cap thicker than 1.5 cm in adults is suspicious for malignant transformation to a chondrosarcoma. Surgical excision with resection at the point of cortical and marrow junction to the underlying bone is usually curative.
Hemangioma
Hemangiomas are common, usually incidentally discovered benign developmental lesions. Reported incidence in autopsy series is 11% of spines, and multifocal lesions are present in 25 to 30% of cases. 27 Lesions occur most frequently in the thoracic spine but may be present at any spinal level. 28 Hemangiomas reveal prominent vertical trabeculae on radiographs resembling a "honeycomb" and classically called the "corduroy sign." They form the appearance of multiple punctate areas of sclerosis on axial CT images, creating the "white polka-dot" sign. Fatty stroma and serpentine vascular channels are responsible for the low density components on plain radiographs and CT images. The fat overgrowth exhibits signal parallel to subcutaneous adipose tissue, and the vascular components demonstrate high signal intensity in a serpentine pattern on T2-weighted MR imaging reflecting slow blood flow. The polka-dot or corduroy appearance may also be seen, respectively, on axial and sagittal/coronal MR images as low signal intensity regions (►Fig. 8).
Histologically, hemangiomas represent a collection of thin-walled endothelial-lined blood vessels interspersed between nonvascular components, such as fat, muscle, fibrous tissue, or bone. Multiple types (capillary, cavernous, arteriovenous, and venous) have been described, with the capillary type the most common. 29 Hemangiomas with extension into the posterior elements, with paraspinal involvement and without a large amount of intertrabecular fatty stroma, are more likely to be associated with symptoms. Lesions containing less fat and more vascular stroma tend to be less common, and they are located between T3 and T9. Large hemangiomas that weaken the vertebral bodies can result in fractures. Pathologic fracture or epidural extension may show a characteristic "curtain sign." A vertebral body lesion extending posteriorly to the anterior epidural space displaces the posterior longitudinal ligament. However, 
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Langerhans Cell Histiocytosis
Langerhans cell histiocytosis (LCH) is a benign lesion that can affect the spine in 6% of cases. The thoracic segments are more commonly affected than the lumbar and cervical regions. 31 Radiologically, LCH demonstrates focal lytic lesions that may progress to uniform vertebral collapse forming the classic appearance of "vertebra plana," which is seen in only $ 15% of cases. The end plates are typically preserved. Partial vertebral collapse and focal marrow replacement may also occur.
The MRI appearance of LCH reveals areas of low signal marrow replacement on T1-weighted and high signal intensity on T2-weighted MR images (►Fig. 9). Findings may be very subtle on plain films (►Fig. 10). MR imaging may also depict the soft tissue component (►Fig. 11). Small areas of soft tissue extension and surrounding hematoma secondary to vertebral collapse may be detected. MR imaging is useful in discriminating active disease from chronic changes, which are seen as vertebral body deformity without abnormal signal intensity. LCH can be self-limiting if involvement is restricted to bone and may not require active treatment, 31 but close observation is necessary to exclude progression of disease. Therapeutic options include low-dose radiotherapy, steroid injections, chemotherapy, and surgical curettage. 32 
Malignant Tumors of the Osseous Spine Chordoma
A chordoma is a malignant tumor arising from the embryonic remnants of the notochord that extend from Rathke pouch to the coccyx. Histologic identification of physaliphorous ("bubble bearing" vacuolated) cells confirms the diagnosis. It is the most common nonlymphoproliferative primary malignant neoplasm of the spine in adults.
It commonly presents in middle-age patients and has a peak incidence in the fifth decade and rarely detected before 30 years of age. Chordomas are almost exclusively seen in the midline. Approximately 50% of chordomas are localized to the sacrum and 35% localized to the clivus. Unlike GCT, which prefers the upper sacral segments, sacral chordomas are most frequently centered in the lower sacrum (S3-S4). The remaining 15% of chordomas affect the mobile spinal segments, particularly the cervical region. It is very rare for chordomas to arise in a paracentral location, which is along the spine in the soft tissues and in this case they are called "parachordoma." 33, 34 Bone destruction predominates in spinal chordomas, although lesions affecting the mobile portions of the spine may show sclerosis. A total of 64% of sacrococcygeal lesions show intratumoral calcification 35 (►Fig. 12) . Chordomas originating in the spine almost invariably extend into the paraspinal soft tissues, and the sacroiliac joint is crossed in 23% of cases. 33 Chordomas show signal characteristics parallel to nucleus pulposus of the disk (notochord) in MR imaging, that is low-intermediate signal on T1-weighted and very high signal on T2-weighted MR images (►Fig. 13). However, spheno-occipital and intracranial chordomas may display high signal on T1-weighted images due to high protein content. 34 Contrast enhancement is usually in a thick peripheral and septal pattern similar but more prominent than chondrosarcoma (►Fig. 14). The location and thus resectability of the lesion usually determines the patient's prognosis. Local recurrence is common; distant metastases are rarer.
Chondrosarcoma
A malignant tumor of connective tissue, chondrosarcoma is characterized by formation of chondroid matrix by tumor cells. It is the second most common nonlymphoproliferative primary malignant tumor of the spine in adults. The spine represents the primary site in 3 to 12% of chondrosarcomas. 36 The male-to-female ratio is 2-4:1, and the mean age of presentation is 45 years. Although chondrosarcomas can be located at any level, the thoracic segments of the spine are the more commonly affected (►Fig. 15).
These tumors can present as primary chondrosarcomas or as malignant transformation of osteochondromas or enchondromas. Most spinal chondrosarcomas are histologically lowgrade lesions. They may be centered in the vertebral body or posterior elements with destruction of the osseous structures and frequent involvement of the posterior elements (40%). Mineralized chondroid matrix with typical ring-and-arc-nodules pattern is best appreciated on radiographs or CT image (►Fig. 16). 36 On MR imaging the nonmineralized lobular areas of hyaline cartilage growth typically demonstrates low signal intensity on T1-weighted images and high signal intensity on T2-weighted images (►Fig. 17) and frequently reveal a peripheral and septal enhancement pattern on postcontrast images (►Fig. 18).
Treatment for spinal chondrosarcoma is surgical resection when possible. Incomplete resection frequently leads to recurrence and eventual patient demise in 74% of cases. 36 Osteosarcoma An osteosarcoma is a malignant tumor containing immature matrix and osteoid produced directly by the neoplastic cells. It is also called an osteogenic sarcoma. Overall, 0.6 to 3.2% of osteosarcomas occur in the spine. Spinal localization has a peak incidence in the fourth decade, which is higher than the appendicular osteosarcomas; the age range is 8 to 80 years. [36] [37] [38] There is a male predilection. The patients present with pain, palpable mass, neurologic symptoms, and high serum alkaline phosphatase levels. Pulmonary, bone, and liver metastases are common. Osteosarcoma may be associated with Paget disease and previous radiation therapy. It may also present as a second tumor $ 10 years after detection of retinoblastoma. 39 Although they have been reported at all levels of the spine, a predilection for the thoracolumbar segments is present. Spinal osteosarcomas tend to be high-grade lesions that are 
Ewing Sarcoma and Primitive Neuroectodermal Tumor
Ewing sarcoma and PNET are indistinct entities with very similar pathologic, clinical, and radiologic characteristics. They are the most common nonlymphoproliferative primary malignant tumors of the spine in children and adolescents. There is mild male predilection. Lesions of the spine account for 3 to 10% of all primary sites of Ewing sarcoma/PNET. 36, 40 However, metastatic involvement of spine from other foci of 
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Orguc, Arkun 296 primary Ewing sarcoma/PNET is much more common than primary lesions. The most common location for primary lesions is the sacrococcygeal region, followed by the lumbar and the thoracic spine. Cervical spine involvement is rare. 40 Histologically, they are composed of small round blue cells with large irregular sheets of cells divided by septa, scant cytoplasm, and abundant collagen. Spinal lesions frequently display areas of necrosis. 41 These tumors have various radiologic patterns with most demonstrating aggressive bone destruction, lysis, and large paraspinal soft tissue components. Vertebra plana has also been reported. MR imaging shows intermediate signal intensity on T1-weighted and 
Tumorlike Lesions
Several developmental, inflammatory, metabolic, focal reactive, and posttraumatic entities may mimic both benign and malignant tumors of the spine. Although they do not represent true neoplasms, tumorlike lesions should be considered in the differential diagnosis of spine lesions. Paget disease and fibrous dysplasia are two tumorlike lesions that may also involve the spine as well as the appendicular skeleton. Fibrous dysplasia is often purely lytic but may have a typical groundglass appearance as the matrix calcifies. The MRI signal depends on the amount of calcification, ossification, and fibrous tissue, which present low signal, and cystic components with high T2 signal (►Figs. 23 and 24). Paget disease is a localized disorder of bone remodeling that typically begins with an excessive osteoclastic activity followed by a compensatory bone formation, leading to a coarsened and disorganized trabecular pattern (►Figs. 25 and 26).
Conclusion
Spinal tumors are frequently detected on imaging studies performed for various indications. We have reviewed some of the imaging features of spinal tumors in this article and summarize them in ►Table 1. Multiple spinal lesions can be ascribed to known metastatic disease or lymphoproliferative disease. However, in solitary lesions, primary neoplasms of the spine should be considered. The radiologist should be aware of the characteristic imaging features of spinal lesions to tailor the diagnostic work-up. Although plain radiographs may be useful to characterize some spinal lesions, MR imaging is indispensable to determine the extension and the relationship with the spinal canal and nerve roots, and thus determine the plan of management. 
